Abstract. Screening of potential antibacterial activities of total phenolic compounds isolated from a brown alga Hizikia fusiformis (Hary.) Okam. was performed using two antibacterial assays. Significant differences were observed both in total phenolic contents and antibacterial activities of extracts from H. fusiformis collected along the coast of East China Sea and South China Sea against Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Enterobacter aerogenes and Shewanella sp. Methanol extracts from H. fusiformis collected in Zhoushan and Mazu exhibited the more antibacterial activities against E. coli. Ethanol extract from H. fusiformis collected in Naozhou had higher antibacterial activity against B. subtilis. In addition, the nitric oxide (NO) productions in inhibition process of bacterial growth with these fractions were determined by Griess reagent.
Introduction
Natural bioactive compounds were found in various plants, including aquatic plants [1] [2] [3] [4] [5] [6] [7] [8] [9] . Marine macroalgae are gaining interest as a potential source of bioactive substances. Results have shown that marine macroalgae are a rich source of various natural bioactive compounds such as polyphenols, which are isolated from marine macroalgae by various solvents [3, [10] [11] [12] . Among the macroalgae, a brown alga Hizikia fusiformis (Hary.) Okam. has been one of the major farmed alga species along the Chinese coast. It has been used in traditional herbs for a long time [13] . Numerous studies have focused on the bioactive metabolites in H. fusiformis. Such as polysaccharides, fucosterol, saringosterol, phenolic compounds with various bioactivities have been isolated and identified from H. fusiformis [3, 13, 14] . A series of phenolic compounds have been reported to possess antioxidant activity. On the other hand, phenolic compounds from aromatic and medicinal plants display antioxidant and antimicrobial properties [15] . Unfortunately there are limited data about antimicrobial properties of phenolic compounds from H. fusiformis in comparison with those of other brown algae.
The emergence of multidrug resistance to antibiotics has created an urgent need for the finding of more efficient antimicrobial compounds [1, 16] . Some phenolic compounds such as catechin, flavonol, resveratrol, hydroxytyrosol, quercetin and phenolic acids from plants have been reported to inhibit microorganisms and have little toxicity to host cells [17, 18] . Phenolic compounds are considered candidates for developing new antimicrobial drugs [15] .
The brown alga H. fusiformis lives in complex habitats produced a wide variety of bioactive metabolites such as phenolic compounds. However the antimicrobial activity of phenolic compounds isolated from H. fusiformis which were collected along the coast of East China Sea and South China Sea has scarcely known. Screening of potential antibacterial activities of total phenolic compounds isolated from brown alga H. fusiformis would be useful for its application for pharmacy in future.
In this report, we describe antibacterial activities of phenolic compounds isolated from H. fusiformis collected along the coast of East China Sea and South China Sea against Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Enterobacter aerogenes and Shewanella sp.
Materials and Methods

Alga Collecting
The brown alga H. fusiformis was collected manually along the coast of South East China Sea, in May 2010 (Fig. 1) . The samples were cleaned and dried before use for extraction. 
Preparation of Extracts from H. Fusiformis
Two mg of the algal powder was mixed with 100 ml of methanol or ethanol or acetone or ethyl acetate, incubated in a platform shaker for 120 h at 200 rpm and at room temperature. The mixture was filtered with Whatman no. 4 filter paper. Organic solvent was removed by rotary evaporation. The dried extracts were pooled and stored at -20 C until analysis. Each dried extract was then re-dissolved in distilled water at a concentration of 10 mg/ml as a stock solution.
Determination of Total Phenolic Content
The total phenolic contents of H. fusiformis extracts were determined by the Folin-Ciocalteau reagent and gallic acid as the standard with minor modifications [19] . 100 μl of extract solution (10 mg/ml) was mixed with 46 ml of H 2 O and 1 ml of Folin-Ciocalteau reagent in a volumetric flask. After 5 min, 3 ml of 2% sodium carbonate was added to the volumetric flask, the flasks were cap-screwed and vortexed. The samples were incubated for 2 h at room temperature. The absorbance was measured at 760 nm. A standard curve with serial gallic acid solutions (0-100 μg/ml) was used for calibration.
Antibacterial Activity Assay
The antibacterial activity of total phenolic contents was determined by disc diffusion test [20] . 100 μl of suspension containing 10 7 -10 8 CFU/ml of bacteria was spread on nutrient agar (NA) medium.
Sterile 6 mm diameter filter paper discs were impregnated were 300 μg test extracts and placed onto nutrient agar. The same solvents employed to dissolve the extracts was used as a negative control. Penicillin (0.03 mg/ml) was used as a positive control. The inoculated plates with bacteria were incubated at 37 C for 24 h. The antibacterial activity was measured as the diameter (mm) of clear zone of growth inhibition. Antibacterial activity of total phenolic extracts also was determined by modification of the method as described [21] . Precultured bacteria were diluted to 10 4 cells/ml with nutrient broth. An equivalent volume of this solution was added to 1 m1 of PBS or total phenolic extracts at different concentrations in PBS and incubated at 37 C with shaking at 180 rpm. After 24 h, 60 μl of cultured solution was removed to measure OD 600 nm.
Nitric Oxide Estimation
Nitrite production was used as an indicator of nitric oxide (NO) production of sample. It was measured as previously described [22] . The supernatants of sample were mixed with an equal volume of Gries reagent (1% sulfanilamide, 0.1% naphthylethylenediamine dihydrochloride, and 2.5% phosphoric acid) and incubated at room temperature for 10 min. Nitrite production was determined by OD 550 nm.
Statistical Analysis
Each experiment was carried out in triplicate. Values are given as means ± standard deviation.
Results and Discussion
The concentration of total phenolic compounds in plants depends on genetic and environmental conditions [23] . The phenolic composition may differ between different solvent extracts. The highest extraction yield was recorded by the ethanol extract of H. fusiformis from Naozhou (4.81 g of dried extract/100 g dried powder) whereas the lowest by the methanol extract of H. fusiformis from Mazu (0.63 g of dried extract/100 g dried powder). For most extractions, the yields of ethyl acetate extracts were higher than those of methanol extracts which indicated that more of the soluble components in H. fusiformis were low in polarity (Figure 2) .
H. fusiformis was collected in Nanji. Antibacterial activities of different solvent extracts of the alga H. fusiformis from the coast of East China Sea and South China Sea were determined by paper disc diffusion method and the results are showed in Table 1 . There were ten fractions that showed antibacterial activity against E. coli. The fractions of 1, 2 and 3 with antibacterial activity against E. coli from methanol extracts of H. fusiformis collected in Nanji, Zhoushan and Mazu, respectively. The fractions of 6, 7, 8 and 10 with antibacterial activity against E. coli from ethanol extracts of H. fusiformis collected in Nanji, Zhoushan, Mazu and Naozhou, respectively Table 1 showed that the fractions of 2 and 3 had more effective inhibition against E. coli. Its antibacterial activities were also confirmed by growth inhibition assay experiment, as shown in Figure  2 and 3. The growth inhibition assay of E. coli incubated with fractions 2 or 3 showed that cultured solution at four concentrations of fractions 2 or 3 significantly reduced the absorbance at 600 nm of broth (Figure 2A or 3A) . 
The fraction of 1 or 2 exhibited promotion effect on the NO production of E. coli ( Figure 2B or 3B ). On the other hand, the cultured solution at four concentrations of fraction of 10 showed suppression of growth for B. subtilis (4A). The fraction of 10 exhibited promotion effect on the NO production of B. subtilis (4B). Nitric-oxide synthases (NOS) are present in many bacteria and have been demonstrated to synthesize NO [24] . NO protects microorganisms against oxidative stress by a mechanism that, in principle, could also explain NO-mediated cell resistance to stimulators as antibiotic including phenolic compounds [25] .
Phenolic compounds from brown alga are important potential substances for pharmacy in future. H. fusiformis is a kind of Chinese herbal medicine and has been applied for thousands of years [13] . It is cultured in coastal zone in Zhejiang, Fujian and Guangdong Provinces, China [26] . Therefore, 
Conclusion
The present study documented that the methanol extracts of H. fusiformis from Zhoushan and Mazu have higher antibacterial activity against E. coli. The ethanol extract of H. fusiformis from Naozhou has higher antibacterial activity against B. subtilis. It would be useful for application of H. fusiformis for pharmacy in future.
